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7DEOH6WUHVVLQWHQVLW\IDFWRUDQGJLQWHJUDOIRUD[LDOFUDFNLQSLSH
5HIHUHQFH 6WUHVVLQWHQVLW\IDFWRUK J±LQWHJUDO
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\LHOG VWUHVV LQ WKHJLQWHJUDO HTXDWLRQ LVPXOWLSOLHG >@7KHUH DUH D ORW RI VWXGLHV KDYH EHHQ UHSRUWHG LQ WKH DUHD
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7KHRUHWLFDODQDO\VLVRID[LDOFUDFNVLQSLSHV
2.1. Stress intensity factor for a longitudinal through crack in the pipe wall 
$QH[SUHVVLRQIRUWKHVWUHVVLQWHQVLW\IDFWRUIRUDORQJF\OLQGULFDOSLSHZLWKDORQJLWXGLQDOWKURXJKFUDFNXQGHU
LQWHUQDO SUHVVXUHZDV UHSRUWHG E\ )ROLDV >@ DQG E\ (UGRJDQ DQG.LEOHU >@ 7KH\PDQDJHG WR VKRZ WKDW WKH
SUREOHPZDVDQDORJRXVWRWKDWRIDZLGHSODQHSODWHZLWKDWKURXJKFUDFN7KHRQO\DGMXVWPHQWQHHGHGIRUWUDQVLWLRQ
WR DSLSHZDV WR LQWURGXFH DFRUUHFWLRQ IDFWRU WRPXOWLSO\ WKH VROXWLRQ IRU WKHSODQHSODWH7KLV IDFWRU IUHTXHQWO\
UHIHUUHGWRDVWKH)ROLDVFRUUHFWLRQIDFWRUDQGGHVLJQDWHGE\V\PEROMT7KLVIDFWRULVRQO\DIXQFWLRQRIWKHUDWLR
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ZKHUH     Z X O  
ZLWKȣGHQRWLQJ3RLVVRQVUDWLR
7KHIROORZLQJUHODWLRQLVWKHVLPSOHVW
 TM O    
+RZHYHULWVYDOLGLW\LVOLPLWHGE\WKHYDOXHȜ6LQFHWKHcLVWKHKDOIOHQJWKRIDORQJLWXGLQDOWKURXJKFUDFNLQ
WKHSLSHWKHQWKHVWUHVVLQWHQVLW\IDFWRURIVXFKDFUDFNVLPSO\UHDGV







2.2. Stress intensity factor for a longitudinal part-through crack  
9DULRXVPHWKRGVDUHXVHGIRUDQDO\]LQJWKHSUREOHPRIORQJLWXGLQDOVHPLHOOLSWLFDOVXUIDFHFUDFNVLQWKHZDOORI
F\OLQGULFDO VKHOOV )LJ  )LQLWH HOHPHQW PHWKRG DQG WKH PHWKRG RI ERXQGDU\ LQWHJUDO HTXDWLRQV RU YDULRXV




VXUIDFHRI WKHERG\DQG IRU WKHSODVWLF UHJLRQDW WKHFUDFN WLS >@+RZHYHU VROXWLRQVE\GLIIHUHQWDXWKRUVRIWHQ
VKRZHG UDWKHU FRQVLGHUDEOH GLVDJUHHPHQW 6FRWW DQG 7KRUSH >@ WKHUHIRUH WHVWHG WKH DFFXUDF\ RI WKH VROXWLRQV
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2.3.  Engineering Methods for Determining the J-integral  

























































2.5. The Gauss–Seidel (GS) method 
7KH *6PHWKRGZDV GHULYHG E\*DMGRã DQG 6UQHF >@ RQ WKH EDVLV RI WKH OLPLW WUDQVLWLRQ RI WKH JLQWHJUDO
IRUPDOO\H[SUHVVHG IRU D VHPLFLUFXODUQRWFK WRDFUDFNZLWK WKHYDULDWLRQRI WKH VWUDLQHQHUJ\GHQVLW\DORQJ WKH
QRWFKFLUFXPIHUHQFHEHLQJDSSUR[LPDWHGE\WKHWKLUGSRZHURIWKHFRVLQHIXQFWLRQRIWKHSRODUDQJOH,IWKHVWUHVV
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  
&RQVLGHUDWLRQRIWKHFRQVWUDLQW
$V PHQWLRQHG DERYH WKH VLWXDWLRQ H[LVWLQJ DW WKH FUDFN WLS LQ FRQGLWLRQV RI VPDOOVFDOH \LHOGLQJ FDQ EH
FKDUDFWHUL]HGE\DVLQJOHIUDFWXUHSDUDPHWHUHJKJRUCOD>@7KLVSDUDPHWHUFDQEHXVHGDVDIUDFWXUH
FULWHULRQ LQGHSHQGHQW RI JHRPHWU\ +RZHYHU VLQJOHSDUDPHWHU IUDFWXUH PHFKDQLFV IDLOV LQ FDVHV RI GHYHORSHG
SODVWLFLW\ ZKHUH IUDFWXUH WRXJKQHVV LV D IXQFWLRQ QRW RQO\ RI WKH PDWHULDO EXW DOVR RI WKH GLPHQVLRQV DQG WKH
JHRPHWU\RIWKHVSHFLPHQ,WLVZHOONQRZQIURPWKHWKHRU\RIIUDFWXUHPHFKDQLFVWKDWIRUVPDOOVFDOH\LHOGLQJWKH
PD[LPXP VWUHVV H[LVWLQJ DW WKH FUDFN WLS LQ D QRQKDUGHQLQJPDWHULDO LV DERXW ıR ZKHUH ıR LV WKH \LHOG VWUHVV
6LQJOHSDUDPHWHU IUDFWXUH PHFKDQLFV DSSDUHQWO\ GRHV QRW DSSO\ WR QRQKDUGHQLQJ PDWHULDOV XQGHU IXOO\ SODVWLF
FRQGLWLRQVEHFDXVHWKHVWUHVVDQGVWUDLQILHOGVLQWKHYLFLQLW\RIWKHFUDFNWLSDUHDIIHFWHGE\FRQILJXUDWLRQVRIERWK
WKH ERG\ DQG WKH FUDFN 7KH VLWXDWLRQ LVPRUH IDYRUDEOH LQ KDUGHQLQJPDWHULDOVZKHUH VLQJOH SDUDPHWHU IUDFWXUH
PHFKDQLFVPD\DSSUR[LPDWHO\DSSO\DOVRIRUWKHGHYHORSHGSODVWLFLW\SURYLGHGWKDWWKHERG\PDLQWDLQVDKLJKOHYHO
RIVWUHVVWULD[LDOLW\
3.1. Plastic constraint factor on yielding 
$VLPSOHSURFHGXUHEDVHGRQWKHXVHRIWKHSODVWLFFRQVWUDLQWIDFWRURQ\LHOGLQJCFDQEHDSSOLHGWRGHWHUPLQH







   
ZKHUH HMHV WKH+XEHU0LVHV+HQFN\VWUHVVLVSXWHTXDOWRWKH\LHOGVWUHVV
/HWXVQRZFRQVLGHUWKHVWDWHRIVWUHVVDWWKHFUDFNWLSLQDWKLFNZDOOHGERG\ZKHUHWKHVWUHVVSHUSHQGLFXODUWR
WKHFUDFNSODQHɐଵDQG WKHVWUHVV LQ WKHGLUHFWLRQRI WKHFUDFNɐଶDUHHTXDODQG WKHVWUHVV LQ WKHGLUHFWLRQRI WKH
WKLFNQHVVRIWKHERG\ɐଷ LVJRYHUQHGE\WKHH[SUHVVLRQ    V X V V  7KHQEDVHGRQWKH+0+FULWHULRQDQG




RI &ıRZRXOG EH XVHG LQVWHDG RI WKH \LHOG VWUHVV ıR LQ UHODWLRQV IRU FDOFXODWLQJ WKH JLQWHJUDO 7KHC IDFWRUZDV
H[SHULPHQWDOO\LQYHVWLJDWHGDWWKH,QVWLWXWHRI7KHRUHWLFDODQG$SSOLHG0HFKDQLFVRIWKH$FDGHP\RI6FLHQFHVRIWKH
&]HFK5HSXEOLF LQ WKH IUDPHZRUN RI D EURDGHU UHVHDUFK SURMHFW RQ WKH UHOLDELOLW\ DQG RSHUDWLRQDO VDIHW\ RI KLJK
SUHVVXUHJDVSLSHOLQHV
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7DEOH6XPPDU\RISLSHGDWDXVHGLQWKHDVVHVVPHQWRIWKHIUDFWXUHEHKDYLRXU
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PP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WPP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FPP     
DPP     
DW     
DF     
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03D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 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03D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   
Į     
Q    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
C 2.2 2.4 2.3 2.07 2










LVH[SRQHQWLDODQGVLPLODUWRWKDWRI;7KHLQWHUVHFWLRQRIWKHKRUL]RQWDOOLQHJ = Jcr 1PPZLWKWKHWZRJ 
– aFXUYHVDFFRUGLQJWRWKH)&DQG*6PHWKRGVJLYHVWKHYDOXHRIFULWLFDOFUDFNGHSWKacr PPDFFRUGLQJWR
)&PHWKRG DQGacr   PP DFFRUGLQJ WR*6PHWKRG 7KHUH LV D VOLJKW GLIIHUHQFH RI  EHWZHHQ WKH WZR
PHWKRGV
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OLQHDU HODVWLF IUDFWXUH PHFKDQLFV FULWHULRQ IRU IDLOXUH DQG WKH IXOO\ SODVWLF OLPLWORDG VROXWLRQ XVLQJ D IDLOXUH
DVVHVVPHQWGLDJUDP)$'$VVXFK WKH5PHWKRG LVEDVLFDOO\DGHVLJQRU IDLOXUHDYRLGDQFHSURFHGXUHZLWKDQ
LQKHUHQWVDIHW\PDUJLQDOUHDG\LQFOXGHGLQ WKHDQDO\VLV&UDFNLQLWLDWLRQDQGPD[LPXPORDGSUHGLFWLRQVXVLQJ WKLV
VFKHPHDUHWKHUHIRUHH[SHFWHGWRXQGHUHVWLPDWHWKHDFWXDORUH[SHULPHQWDOO\PHDVXUHGORDGV
4.1. Failure assessment diagram (FAD) 
5LQWURGXFHGWKHFRQFHSWRIWKHIDLOXUHDVVHVVPHQWGLDJUDP)$'7RFRQVWUXFWWKLVGLDJUDPLWLVQHFHVVDU\WR
FDOFXODWHWZRSDUDPHWHUVQDPHO\QRQGLPHQVLRQDOFUDFNGULYLQJIRUFHKrDQGQRQGLPHQVLRQDODSSOLHGVWUHVVLr$V
VKRZQ LQ)LJ WKHYHUWLFDOD[LVRI WKH)$'UHSUHVHQWV WKH UDWLRRIDSSOLHGVWUHVV LQWHQVLW\ IDFWRU WR WKH IUDFWXUH
WRXJKQHVVKIcLHKrKIcLVGHWHUPLQHGIURPWKHVWDQGDUGIUDFWXUHWRXJKQHVVWHVWLQJZKLOHWKHKRUL]RQWDOD[LVLV




























   
yV  \LHOGVWUHVVDQG uV  XOWLPDWHVWUHVV
7KH UHODWLRQVKLS EHWZHHQKr DQG Lr GHILQH WKH ERXQGDU\ OLQH RI WKH IDLOXUH DVVHVVPHQW GLDJUDP )$' 7KH
FULWLFDO DVVHVVPHQW SRLQWV OHDGLQJ WR IUDFWXUH \LHOG DQ DVVHVVPHQW LQWHUSRODWLRQ FXUYH EHWZHHQ WZR VSHFLILF RU
UHIHUHQFHOLPLWVWDWHV7KHVHDUHEULWWOHIUDFWXUHVWDWH>Kr DQGLr @DQGSODVWLFFROODSVHVWDWH>Kr DQGLr
 @7KHDVVHVVPHQWSRLQWRIDFRPSRQHQWFDQEHKLJKOLJKWHGE\DSRLQWRIFRRUGLQDWHVKr DQGLr,IWKLVSRLQWLV
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